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(54) Semiconductor laser diode module 

(57) A semiconductor laser diode module (27) in 
which a laser diode (1) and an optcal fiber (4) are opti- 
cally coupled with each other efficiently irrespective of 
an ambient temperature change within the laser diode 
module (27). The laser diode module (27) includes a la- 
ser diode (1 ), an optical system including an optical fiber 
(4) and a lens portion (1 4), a base (2) configured to sup- 
port the laser diode (1 ) and at least a portion of the op- 
tical system, and a bottom plate (28) configured to sup- 



port the laser diode (1 ), the optical system, and the base 
(2). A portion of the base (8) is made of a material having 
a first themial expansion coefficient and the bottom 
plate (28) is constructed of a material having a second 
themfial expansion coefficient, where the first themial 
expansion coetficient is substantially equal to the sec- 
ond themrial expansion coefficient. The optical system 
Is configured to receive and transmit a beam emitted 
from the laser diode (1) through the lens portion (14) to 
the optical fiber (4). 
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D scription 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present Invention relates to a senniconduc- 
tor laser diode nnodule used in the field of optical conn- 
munications. 

Discussion of the Background 

[0002] With the explosive growth of the Internet and 
other communications needs, there has developed a 
commensurate need f ortransmission systems to handle 
the ever increasing demand for capacity to transmit sig- 
nals. Fiber optic systenns have become the technology 
of choice for meeting this demand. Significant attention 
has been directed to systems which use dense wave- 
length division multiplexing (DWDM) to increase the 
number of signal channels that can be transmitted 
through a single optical fiber. 

[0003] Semiconductor laser diodes have been used 
as a pumping light source for optical fiber amplifiers and 
as a signal light source In the fiber optic systems. The 
semiconductor laser diode module is a device in which 
a laser beam from the semiconductor laser diode is op- 
tically coupled with an optical fiber. 
p)004] Erbium doped fiber amplifiers require 980 nm 
band and 1480 nm band semiconductor laser diode 
modules as pumping light sources. And Raman ampli- 
fiers require 1 350-1 540 nm band semiconductor laser 
diode modules as pumping light sources. 1550nm band 
semiconductor laser diode modules are well-known as 
the signal light source. 

[0005] Optical coupling system between the laser di- 
ode and the optical fiber is selected depending on a la- 
ser diode chip structure, the shape of the mode-field of 
the light emitted from laser diode, and so on, to get high- 
er optical coupling efficiency thereby. 
[0006] The semiconductor laser diode module is re- 
quired to have a certain quality of optical characteristics 
even at a higher ambient temperature. The optical char- 
acteristics are represented by the stability of the optical 
coupling effrclency between laser diode and the optbal 
fiber, the stability of the output power from laser diode, 
and the monitor current. 

SUMMARY OF THE INVENTION 

[0007] The present invention advantageously pro- 
vides a laser diode module in which a laser diode and 
an optical, fiber are optically coupled with each other 
effbiently in^espective of an ambient temperature 
change within the laser diode module. 
[0008] An embodiment of the present Invention ad- 
vantageously provides a laser diode module that in- 
cludes a laser diode, an optical system including an op- 



tical fiber and a lens portion, a base configured to sup- 
port the laser diode and at least a portion of the optical 
system, and a bottom plate configured to support the 
laser diode, the optteal system, and the base. A portion 

5 of the base is made of a material having a first thermal 
expansion coefficient and the bottom plate is construct- 
ed of a material having a second themial expansion co- 
efficient, where the first thermal expansion coefficient is 
substantially equal to the second themial expansion co- 

10 efficient, The optical system is configured to receive and 
transmit a beam emitted from the laser diode through 
the lens portion to the optical fiber. 
[0009] The present Invention provides a sembonduc- 
tor laser diode module having a base with a portion 
made of a material having a first thenmal expansion co- 
efficient and a bottom plate constructed of a material 
having a second themial expansion coefficient which is 
substantially equal to the first thennal expansion coeffi- 
cient. By providing thatthe portion of the base supported 

20 by the bottom plate, and the bottom plate have substan- 
tially equal thennal expansion coefficients, the laser di- 
ode module of the present invention provides a structure 
that is less prone to warping than the related art semi- 
conductor laser diode module. Accordingly, the config- 

25 uration of the present Invention suppresses the degra- 
dation in optical coupling efficiency between the laser 
diode and the optical fiber due to the temperature 
change of the environmental conditions of the semicon- 
ductor laser diode module. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] A more complete appreciation of the invention 
and many of the attendant advantages thereof will be- 

35 come readily apparent with reference to the following 
detailed description, particularly when considered in 
conjunction with the accompanying drawings, in which: 
[0011] Figure 1 is a cross-sectional view of a semi- 
conductor laser diode module according to a first em- 

40 bodlment of the present Invention ; 

[0012] Rgure 2 is a perspective view of the internal 
components of the first embodiment of the semiconduc- 
tor laser diode module according to the present inven- 
tion; 

45 [0013] Figure 3 Is a top view of the internal compo- 
nents of the first embodiment of the semiconductor laser 
diode module according to the present invention; 
[0014] Figure 4 is an exploded, perspective view of a 
base of the first embodiment of the semiconductor laser 

50 diode module according to the present invention; 

[0015] Figure 5 is a cross-sectional view of a holder 
mounting member of the first embodiment of the semi- 
conductor laser diode module according to the present 
invention taken along line V-V in Figure 4; 

55 [001 6] Figures 6(a), 6(b), 6(c). and 6(d) are perspec- 
tive views of alternative embodiments of fastening mem- 
bers of the first embodiment of the semiconductor laser 
diode module according to the present invention; 
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[0017] Figures 7(a) and 7(b) are side and top views, 
respectively, of a lens portion of an optical fiber of the 
first embodiment of the semiconductor laser diode mod- 
ule according to the present invention; 
[001 8] Figures 8(a) and B(b) are perspective views of 
an arrangement region of a laser diode and an arrange- 
ment region of a monitor photo diode, respectively, of 
the first embodiment of the semiconductor laser diode 
module according to the present invention; 
[0019] Figure 9 is a perspective view of the intemal 
components of a second embodiment of the semicon- 
ductor laser diode module according to the present in- 
vention; 

[0020] Figure 1 0 is a plan view of the internal compo- 
nents of the second embodiment of the semiconductor 
laser diode module according to the present invention; 
[0021] Figure 11 Is an exploded, perspective view of 
a base of the second embodiment of the semiconductor 
laser diode module according to the present invention; 
[0022] Figures 12(a) and 12(b) are cross-sectional, 
partial views of a related art semiconductor laser diode 
module depicted in a non-operating state in Figure 12 
(a), and in a operating state in Figure 12(b) where the 
module is depicted as being warped; 
[0023] Figures 13(a) and 13(b) are schematic repre- 
sentations of the related art semiconductor laser diode 
module depicting a non-operating state in Figure 13(a), 
and an enlarged view of a portion of Figure 1 3(a) depict- 
ing an optical coupling of the laser diode and optical fiber 
In Figure 13(b); 

[0024] Figures 14(a) and 14(b) are schematic repre- 
sentations of the related art semiconductor laser diode 
module depicting a operating state in Figure 14(a), and 
an enlarged view of a portion of Figure 14(a) depicting 
an optical coupling of the laser diode and optical fiber In 
Figure 14(b) where the non-operating state is depicted 
in phantom lines for comparison; 
[0025] Figure 15 is a chart representing monitor traclc- 
Ing en^or based upon ambient temperature changes In 
the related art semiconductor laser diode module and 
the semiconductor laser diode module according to the 
present invention; 

[0026] Figure 1 6 is a top view of a conceptual arrange- 
ment between a laser diode, a lens portion and a struc- 
tural support member of the present invention; and 
[0027] Figures 17(a) and (b> are side and top views 
of an altemative embodiment of a lens portion of an op- 
tical fiber according to the present invention 

DETAILED DESCRIPTION OF THE INVENTION 

Description of the Art for Comparison 

[0028] Figure 1 2(a) depicts an example of a stmcture 
of a related semiconductor laser diode module for com- 
parison. The semiconductor laser diode module depict- 
ed in Figure 12(a) has a laser diode 1 for emitting a laser 
beam. The laser diode module Includes an optical fiber 



4 having a lens portion 14 provided opposite a laser 
beam emitting end surface 31 of the laser diode 1 . The 
optical fiber 4 Is accommodated In a sleeve 3 made of 
metal. The optical fiber 4 receives and transmits the 

5 beam emitted from the laser diode 1 through the lens 
portion 14. The lens portion 14 has a wedge-shape. 
[0029] The sleeve 3 is supported by fastening mem- 
bers 6 and 7, which are mounted on a base 2. The fas- 
tening members 6 and 7 are configured to support the 

10 optical fiber 4 through the sleeve 3 at inten/als in a lon- 
gitudinal direction of the optical fiber 4. The laser diode 

1 is mounted on and fixed to laser diode bonding portion 
21 on the base 2 through a heat sink 22. A monitor photo 
diode 9 is mounted through a monitor photo diode car- 

15 rier39tothebase2.Themonltorphotodlode9monitors 
the optica] output power of the laser diode 1 . The base 

2 is mounted on a themno module 25. 

[0030] The thermo module 25, the base 2, the laser 
diode 1 , the optical fiber 4 and the fastening members 

20 6 and 7 are accommodated In a package 27. The thermo 
module 25 is mounted on a bottom plate 26 of the pack- 
age 27. The bottom plate 26 of the package 27 is fonned 
of a Cu-W alloy, speciffcally CuW20 (20% of Cu, 80% 
of W by weight). The thermo module 25 has a base side 

25 plate member 1 7, a bottom plate side plate member 1 8 , 
and pettier elements 19 clamped between the plate 
members 17 and 18. The base side plate member 17 
and the bottom plate side plate member 1 8 of the themno 
module 25 are both made of AI2O3. 

30 [0031 ] The fastening members 6 and 7 and the base 
2 are welded together by a known welding method, such 
as laser welding using a YAG laser, at laser welding por- 
tions 10, and the fastening members 6 and 7 and the 
sleeve 3 are welded together at laser welding portions 

35 11. The laser welding portions 1 1 are fonned at a higher ;^ 
position in a Y-direction in Figures 12(a) and 12(b) than 
that of the welding portions 10. 
[0032] In the above-described semiconductor laser 
diode module, the optical fiber 4 is aligned with the laser 

40 diode 1 so that the laser beam emitted from the laser 
diode 1 is received and transmitted in the optk:al fiber 4 
for use as desired. Also, in the semiconductor laser di- 
ode module, when cun-ent for driving the laser diode 1 
is turned on, the temperature of the laser diode 1 is in- 

45 creased by heat generation caused by the current. The 
increase in temperature changes an optical output pow- 
er of the laser diode 1 . Accordingly, during the operation 
of the semiconductor laser diode module, the tempera- 
ture of the laser diode 1 is monitored by a themiistor (not 

50 shown) fixed in the vicinity of the laser diode 1 , and the 
themno module 25 Is operated on the basis of the meas- 
ured temperature value. The thermo module 25 is oper- 
ated such that the cun'ent through the themio module 
25 is controlled in an effort to maintain a constant tem- 

55 perature of the laser diode 1 to keep the optteal output 
power of laser diode constant. 
[0033] The Inventors of the present inventton have 
Identified a problem with the above-described semkx)n- 
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ductor laser diode module. The above-described semi- 
conductor laser diode module Is configured such that 
during high temperature operation of the semiconductor 
laser diode module (for example, 40 to 50*C), the base 
2 is flexed due to the difference in linear expansion co- 
efficient between the base 2 and the base side plate 
member 1 7 of the thermo module 25 due to the temper- 
ature difference therebetween. Accordingly, in the 
flexed state the positions of the laser diode 1 and the 
optical fiber 4 are displaced from the aligned position, 
thereby degrading the optical coupling efficiency be- 
tween the laser diode 1 and the optical fiber 4. Addition- 
ally, the semiconductor laser diode module may be per- 
manently defomned based upon the flexing, and there- 
fore the module may not fully regain proper optical cou- 
pling and the degradation in the optical coupling may be 
left Intact 

[0034] If the optical coupling efficiency between the 
laser diode 1 and the optical fiber 4 is degraded in ac- 
cordance with a change in ambient temperature, then 
the light intensity of the beam received and transmitted 
by the optical fiber 4 decreases, and it becomes impos- 
sible to suitably operate the optical communication sys- 
tem to which the semiconductor laser diode module Is 
applied. 

[0035] The inventors conducted a test on a semicon- 
ductor laser diode module as described above, and de- 
temnined that a change in ambient temperature causes 
warping of the base, which In tum causes an end of the 
optical fiber to shift with respect to the laser diode. Fig- 
ures 13(a) and 13(b) are schematic representations of 
such a semiconductor laser diode module depicting a 
lower ambient temperature state, i.e. 25*C (room tem- 
perature) in Figure 1 3(a), and an enlarged view of a por- 
tion of Figure 13(a) depicting an optical coupling of the 
laser diode and optical fiber in Figure 13(b). Figures 14 
(a) and 14(b) are schematic representations of the sem- 
iconductor laser diode module of Figures 13(a) and 13 
(6) depicted In a higher ambient temperature state, i.e. 
85'C in Figure 14(a), and an enlarged view of a portion 
of Figure 14(a) depicting an optical coupling of the laser 
diode and optical fiber in Figure 14(b). In Figure 14(b), 
the configuration of Figure 1 3(b) Is depicted In phantom 
lines for comparison. 

[0036] As depicted in Figure 1 3(b), In the lower annbl- 
ent temperature state, the laser diode is a distance d^ 
from the lens portion of the optical fiber. As depicted In 
Figure 14(b), in the higher ambient temperature state 
the module warps such that the laser diode is a distance 
62 from the lens portion of the optical fiber. The change 
of the distance from d^ to ^2 become longer, then the 
stability of optical characteristics, for example, the sta- 
bility of the optical coupling efficiency between laser di- 
ode and optical fiber, the stability of output power from 
laser diode, and the stability of the monitor current, are 
more reduced. It is necessary to suppress the warping 
of the base so as to minimize the change of distance d^ 
and 62 for Improvement of these optical characteristics. 



Description of The Preferred Embodiments of the 
Invention 

[0037] The present invention will now be described 
5 with reference to preferred embodiments that provide 
advantageous structures that overcome problems iden- 
tified by the inventors, which are described above. In the 
detailed description of the embodiments, the same ref- 
erence numerals will be used to indicate the same or 
10 similar components and a duplicated explanation will be 
omitted. 

[0038] Refemng now to the drawings. Figures 1 -8(b) 
depict a semiconductor laser diode module according 
to a first embodiment of the present invention. As de- 

15 picted in Figure 1 , the sanlconductor laser diode mod- 
ule includes a package 27 configured to accommodate 
a laser diode 1 , an optical fiber 4 having a lens portion 
1 4, a sleeve or fenrule (or more generally a holder) 3 for 
receiving therein the optical fiber 4, at least one fasten- 

20 ing means or fastening members 6 and 7 (7a, 7b) for 
supporting the optical fiber 4 through the sleeve 3, a 
base 2 on which the fastening members 6 and 7 and the 
laser diode 1 are mounted directly or Indirectly, and a 
themno module 25. 

25 [0039] The base 2 according to the first embodiment 
is advantageously provided with a laser diode mounting 
member 8 on which the laser diode 1 is to be mounted, 
and a fastening means mounting member or holder 
mounting member 5 on which the fastening members 6 

30 and 7 are to be mounted. The laser diode mounting 
member 8 is arranged on the themio module 25 in con- 
tact therewith, and as depicted in Figures 1 , 2 and 4. 
The laser diode mounting member 8 has an upper por- 
tion with a laser diode bonding portion 21 formed inte- 
rs grally therewith, which defines a laser diode mounting 
region. The holder mounting member 5 Is disposed in a 
position that does not interfere with the laser diode 
mounting region of the laser diode mounting member 8. 
[0040] Figure 4 is an exploded, perspective view of 

40 the base 2 including the holder mounting member 5 and 
the laser diode mounting member 8. The holder mount- 
ing member 5 is fixed on an upper surface of the laser 
diode mounting member 8 on a brazing bonding portion 
46 indicated by the hatching in Figure 4. Note that in the 

45 pretended embodiment, portions of the holder mounting 
member 5 extend alongside the laser diode bonding 
portion 21 . 

[0041] The base 2 of the present invention is con- 
structed of a laser diode mounting member 8 that is ad- 

so vantageously formed of material having a thermal ex- 
pansion coefficient in a range between a thermal expan- 
sion coefficient of the holder mounting member 5 and a 
thermal expansion coefficient of a base side plate mem- 
ber 17 of the thermo module 25. For example, the laser 

55 diode mounting member 8 is preferably fomied of a Cu- 
W alloy, such as CuWIO (Cu of 10%, W of 90% by 
weight), having a thennal expansion coefficient of about 
6.5x1 0-5. Further, the holder mounting member 5 is pref- 
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erably formed of an Fe-Ni-Co alloy, such as Kovai®, 
having a themial expansion cx>efflcient in a range from 
4.5x10^ to 5.1x10-6, and the base side plate number 
17 of the thenrto module 25 is preferably formed of a 
material such as AI2O3, having a thermal expansion co- 
efficient of about 6.7x1 Qr^. 

[0042] During operation of the first embodiment of the 
laser diode module, a light beam is emitted from the la- 
ser diode 1 and is received and transmitted by the opti- 
cal fiber 4. The thernio module 25 controls the temper- 
ature of the laser diode 1 during the operation of the 
laser diode 1 . In the present invention, the laser diode 
mounting member 8, which is in contact with the base 
side plate member 17 of the thernio module 25, is ad- 
vantageously made of material having a themial expan- 
sion coefficient in the range between the themnal expan- 
sion coefficient of the holder mounting member 5 pro- 
vided on the upper side thereof and the thermal expan- 
sion coefficient of the base side plate member 17 (i.e., 
in the present embodiment, CuWIO having the thermal 
expansion coefficient between that of Kovar® and that 
of AI2O3). By comparison, in the related art embodiment 
depicted in Rgure 12(a), the base 2, which is made of 
material having a low themnal expansion such as Ko- 
var®, directly contacts and the plate member 17 of the 
thermo module 25, which is made of a material having 
a high themnal expansion coefficient such as AI2O3. 
Since the themnal expansion coefficients of adjacent 
contacting material in the present Invention gradually 
change, rather than substantially increasing, as in the 
related art embodiment. The gradual increase in the 
thermal expansion coefficients of adjacent contacting 
material in the present invention reduces the warping or 
flexure of the base 2 generated due to the temperature 
gradients created during operation of the laser diode. 
Accordingly, the present invention provides a structure 
that suppresses the degradation in the optical coupling 
efficiency between the laser diode 1 and the optical fiber 
4 due to the ambient temperature change during oper- 
ation of the laser diode module. 
[0043] The present invention advantageously prefer- 
ably provides that the thermal expansion coefficient of 
the laser diode mounting member 8 is equal to the ther- 
mal expansion coefficient of the bottom plate 26 of the 
paclcage 27, For example, both the laser diode mounting 
member 8 and the bottom plate are preferably fomned 
of a Cu-W alloy, such as CuWI 0. Accordingly, the same 
magnitude of stress is applied to both upper and lower 
sides of the themno module 25 when the temperature 
change of the semiconductor laser diode module is gen- 
erated. Thus, the warping of the thermo module 25 is 
offset. Accordingly, the present invention provides a 
structure that effectively suppresses the degradation of 
the optical coupling efficiency between the laser diode 
1 and the optical fiber 4 due to an ambient temperature 
change. 

[0044] The sleeve 3. the fastening members 6 and 7. 
and the holder mounting member 5 are preferably joined 



together by laser welding. It is therefore preferable to 
construct the sleeve 3, the fastening members 6 and 7, 
and the holder mounting member 5 of a material that 
has low themnal conductivity and a low thermal expan- 

5 sion coefficient, and therefore has superior weldabllity, 
such as Kovar®. Additionally, the holder mounting mem- 
ber 5 is preferably made of a material having substan- 
tially the same themnal expansion coefficient as that of 
the optical fiber 4 and sleeve 3 In order to reduce any 

10 adverse effects on the optical fiber 4 due to a difference 
In thermal expansion coefficients. Accordingly, the 
present invention provides a semiconductor laser diode 
module that is easy to manufacture. 
[0045] Additionally, in the present invention, the ther- 

15 mal conductivity of the laser diode mounting member 8 
Is advantageously preferably larger than the thermal 
conductivity of the holder mounting member 5. Such a 
configuration provides an advantageous thennal heat 
path from the laser diode 1 through the heat sink 22 and 

20 through the laser diode mounting member 8 (without in- 
sulation from the holder mounting member 5) to the ther- 
mo module 25 and to the bottom, plate 26, thereby pro- 
viding for the efficient transfer of heat away from the la- 
ser diode 1 during operation. For example, as noted 

25 above, the laser diode mounting member 8 is preferably 
fonmed of a Cu-W alloy, such as CuW1 0, and the holder 
mounting member 5 Is preferably fomned of an Fe-Ni- 
Co alloy, such as Kovar®. The themnal conductivity of 
CuWI 0 is in the range of about 1 80 to 200 W/mK, which 

30 is about ten times greater than the thennal conductivity 
of Kovar®, which is in the range of about 1 7 to 1 8 W/mK. 
[0046] Accordingly, the present invention provides a 
heat path configuration through the laser diode mount- 
ing member 8 of the base that efficiently controls the 

35 temperature of the laser diode 1 using the themno mod- 
ule 25, thereby allowing the laser diode 1 to operate at 
full, optimal power without the risk of overheating. The 
configuration of the present invention reduces the power 
consumption of the laser diode module as compared to 

40 the related art embodiment, since it allows the laser di- 
ode 1 to operate at optimal power and allows the themno 
module 25 to effk:iently transfer heat away from the laser 
diode without insulation interference from the holder 
mounting member. Accordingly, the present invention 

45 advantageously provides a semk:onductor laser diode 
module that has small power consumption. Further- 
more, the holder mounting member 5 of the present in- 
vention does not reach high temperatures, as did the 
entire base of the related art module, and therefore the 

so overall warping of the base Is reduced. 

[0047] The holder mounting member 5 of the base 2 
is provided to generally extend in a longitudinal direction 
of the optical fiber 4 from an end portion on an optical 
fiber mounting side of the thermo module 25 (i.e., at the 

55 right side of the themno module 25 as depicted Figure 
1). Furth r, the holder mounting member 5 Is provided 
on the upper surface of the laser diode mounting mem- 
ber 8. Additionally, the sleeve 3 holding the optical fiber 
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4 is fixed to the holder mounting member 5 and projects 
from the end portion on the optical fiber mounting side 
of the thermo module 25. In this configuration, the pro- 
jecting portion of the holder mounting member 5 is out 
of contact with the thenno module 25 and therefore is 
not subjected to warping effects from the thenno module 
25. Furthennore, since the sleeve 3 is fixed to the holder 
mounting member 5 and projects from the thermo mod- 
ule 25, then the sleeve 3 is not subjected to warping ef- 
fects from the thernio module 25, thereby further effec- 
tively suppressing the reduction In optical coupling effi- 
ciency between the laser diode 1 and the optical fiber 4. 
[0048] It should be noted that If the projection length 
L (see Figure 1 ) of the holder mounting member 5 is too 
long, the bonding strength to the laser diode mounting 
member 8 may be insufficient due to the weight of the 
projecting portion of the projection length L. Accordingly, 
there is a possibility that the bonding would be released 
if the projecting portion Is subjected to vibration. There- 
fore, it is preferable to establish a configuration where 
L<5 mm. 

[0049] As depicted in Figure 2, the laser diode mount- 
ing member 8 preferably has a reinforcement portion 20 
that extends under the projecting portion of the holder 
mounting member, andfurther preferably extends under 
the fastening member 6 located closer to the laser diode 
1 . In the first embodiment, the reinforcement portion 20 
has a rectangular-parallelepiped shape. The reinforce- 
ment portion 20 supports and braces the holder mount- 
ing member 5, whereby If vibration is applied to the hold- 
er mounting member 5 In the Y-direction, then the effects 
of the vibration will be shifted to the laser diode mounting 
member 8. Such a configuration will prevent vibration 
from adversely effecting the optical coupling between 
the laser diode 1 and the optical fiber 4. Additionally, it 
is noted that the contact area between the holder mount- 
ing member 5 and the laser diode mounting member 8 
can be increased so that both components are more 
firmly and more mechanically fixed together. Further- 
more, it should be noted that since the lower surface of 
the reinforcement portion 20 is out of contact with the 
thermo module 25, then the reinforcement portion 20 is 
free from the adverse effects of the warping of the ther- 
mo module 25. 

[0050] As depicted in Rgures 1 through 3, the fasten- 
ing members 6 and 7 are joined to the holder mounting 
member 5 at first joint portions or positions 10, which 
are preferably formed using laser-welding techniques. 
The sleeve 3 is joined to the fastening members 6 and 
7 at second joint portions or positions 11 (11a, lib), 
which are also preferably formed using laser-welding 
techniques. The holder mounting member 5 Is used to 
support the fastening members 6 and 7, and the fasten- 
ing members 6 and 7 are used to support the sleeve 3 
and thereby support the optical fiber 4. It should be not- 
ed that when the hold r mounting member 5 and the 
fastening members 6 and 7 are welded together by laser 
beams, if the top surface of the holder mounting nnember 



5 is flush with the top surface of the fastering members 

6 and 7 (within ± 100 ^m), it is possible to readily keep 
constant the height of the laser welding portions 1 0 for 
every product. 

5 [0051 ] The first joint positions 1 0 and the second joint 
positions 11 are preferably located at substantially a 
same distance from the bottom plate 26. Preferably, the 
first joint positions 1 0 and the second joint positions 11 
are at substantially a same height In a direction perpen- 

10 dicular to the bottom plate 26, with a tolerance for a dif- 
ference in height therebetween of within ± 500 ^m and 
more preferably within ±50 jim. Preferably, the first joint 
positions 10 and the second joint positions 11 are co- 
planar with the active layer of the laser diode 1 , for ex- 

15 ample, the height of the first and second joint positions 
10 and 11 are at substantially the same height as the 
ridge line 14a(refer to Figures 7(a),7(b)) of the optical 
fiber 4 which is opposite the active layer of the laser di- 
ode 1. 

20 [0052] The present Invention advantageously pro- 
vides at least one first joint position 10 joining the holder 
mounting member 5 of the base 2 and the fastening 
members 6 and 7 of the optical fiber receiving sleeve 3, 
and at least one second joint position 1 1 joining the fas- 

2s tening members 6 and 7 and the sleeve 3, where the 
first and second joint positions are formed to be at sub- 
stantially the same height level in the direction perpen- 
dicular to the package bottom plate 26. Accordingly, 
even If the base 2 Is warped slightly, there is little pos- 

30 sibllity that the sleeve 3 would be displaced about the 
pivot of the first joint position 1 0 due to this warping. It 
is therefore possible to effectively suppress the degra- 
dation of the optical coupling efficiency between the la- 
ser diode 1 and the optical fiber 4, 

35 [0053] In the first embodiment as depicted In Figures 
3 and 5, at least one structural support member or warp- 
ing preventing means 15 is fomied along a longitudinal 
direction of the optrcal fiber 4 in the holder mounting 
member 5 of the base 2. The stmctural support member 

40 l5func^ons to prevent the warping of the base2 by pro- 
viding a portion having a thtekness that provides stmc- 
tural Integrity to the base 2. In this embodiment, the 
structural support member 1 5 is fonned as a wall portion 
extending in a longitudinal direction of the optical fiber 

45 4 and provided upright on at least the upper side of a 
bottom portion 16 of the holder mounting member 5, as 
depicted In Figure 5, In the first embodiment, the struc- 
tural support memt>ers 15 are formed integrally with the 
holder mounting member 5. Therefore, there is no deg- 

50 radation in mechanical strength due to the connection 
between the structural support members 15 and the 
holder mounting member 5, as compared with an em- 
bodiment where the structural support members 15 and 
the holder mounting member 5 are discretely fonned to 

55 be adhered together. 

[0054] The first embodiment advantageously In- 
cludes a structural support member that extends along 
the longitudinal direction (Z-dlrection in Figure 1) of the 
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holder mounting member 5. Preferably, the structural 
support member 15 is provided over a full region along 
the longitudinal direction of the holder mounting mem- 
ber 5 (the region within the frames B indicated by the 
dotted lines in Figure 3). Additionally, the structural sup- 
port member 15 is preferably fomied on both sides of 
the holder mounting member 5 symmetrically about an 
optical axis of the optical fiber 4, a portion 33 of the op- 
tical axis being depicted in Figures 3 and 16 as extend- 
ing to connect the laser beam emitting facet 31 of the 
laser diode 1 and a laser beam receiving end 32 of the 
optical fiber 4, The structural support member 15 pref- 
erably includes portions that are formed on both sides 
of the fastening member 6 located closer to the laser 
diode 1 . Tip end portions of the structural support mem- 
ber 15 extend to the region adjacent to the laser diode 
bonding portion 21 of the laser diode mounting member 
8, such that the tip end portions are provided on both 
sides of the laser diode bonding portion 21 . The tip end 
portions adjacent the laser diode bonding portion 21 
provide rigidity to the region between the laser diode 1 
and the optical fiber 4, thereby maintaining efficient op- 
tical coupling. Therefore, the warping of the base 2 in 
the region where the axial portion 33 and the fastening 
member 6 are an*anged is effectively suppressed The 
first embodiment of the present invention thus effective- 
ly suppresses the warping of the base 2 due to a tem- 
perature change during operation of the semiconductor 
laser diode module, thereby effectively suppressing 
degradation in the optical coupling efficiency between 
the laser diode 1 and the optical fiber 4. 
[0055] As depbted in Figures 3 and 4, the holder 
mounting member 5 includes fitting recess portions 37 
for receiving the fastening members 6 and 7. The fitting 
recess portions 37 are defined by the wall portions con- 
stituting the structural support members 15 and the wall 
portions 35 for fastening the sides of the fastening mem- 
bers 6 and 7. The fastening members 6 and 7 are weld- 
ed and fixed at the first joint positions 10, such that the 
fastening members 6 and 7 are received within the fitting 
recess portions 37. Incidentally, in the first embodiment, 
the wall portions 35 are part of the structural support 
members 15 and therefore constituting a warping pre- 
venting means. The wall portions 35 can be integrally 
formed on the holder mounting member 5 by, for exam- 
ple, cutting away the fitting recess portions 37 for receiv- 
ing the fastening members 6 and 7 and an insertion por- 
tion for inserting the sleeve 3, as in the configuration 
depicted in Figure 4. 

[0056] The holder mounting nrmmber 5 has a U- 
shaped cross-sectional area taken along a plane trans- 
verse to the optical axis of the optical fiber, as depicted 
In Figure 5. The structural support members 15 provide 
the side walls of the U-shaped cross-sectional area, and 
give the holder mounting member 5 structural integrity 
that prevents the warping of the holder mounting mem- 
ber 5. Alternatively, the holder mounting member 5 can 
be formed with a different cross-sectional shape, such 



as an H-shape, etc. 

[0057] Wall portions 35 extended to the laser diode 
side and the laser diode bonding portion 21 also fonn 
together the U-shaped cross-sectional area around the 

5 laser diode 1 together. 

p)058] As depicted in Figures 2 and 3, the fastening 
members 6 and 7 are separated to support the sleeve 
3 and the optical fiber 4 at different positions at intervals 
along the longitudinal direction of the optical fiber 4. The 

10 fastening member 6 is located at the closest position (as 
compared to the fastening member 7) to the laser diode 
1 and is preferably formed of an integer member with a 
clamping portion 28 for clamping the sleeve 3 and the 
optical fiber 4 at both sides. The fastening member 6 

15 preferably has a U-shaped cross-sectional area. 

[0059] Figures 6(a), 6(b), 6(c), and 6(d) depict various 
embodiments of fastening members that can be used 
either as fastening member 6 or as fastening member 
7. Note that the embodiments depicted in Figures 6(a) 

20 and 6(b) are preferably used as fastening member 6, 
since the clamping portions 28 of these embodiments 
are configured to be positioned as close as possible to 
the laser diode 1 , which allows for more precise align- 
ment between the laser diode 1 and the optical fiber 4. 

25 Note that the embodiments depicted in Figures 6(c) and 
6(d) are preferably used as fastening member 7, since 
the positioning of the clamping pactions 28 are not as 
crucial. The integrated fastening member 7 depicted In 
Figure 6(c) can be used advantageously to have a pre- 

30 determined position and width of clamping portions 28. 
The fastening member 7 depicted in Figure 6(d) has the 
separate portions 7a and 7b that can clamp together the 
sleeve 3 tightly. Additionally, using an embodiment as 
depicted in Figure 6(a) is preferred, since the fastening 

S5 member of Figure 6(a) Includes a joint portion 49 that 
prevents warping of the base 2 in the X-directlon, as 
compared with the a fastening member as depicted in 
Figure 6(d), which has two separate fastening parts 
each supporting one side of the optical fiber 4. 

40 [0060] During the manufacturing process, the optical 
fiber 4 is moved around the second joint positions 1 1 in 
order for the optical fiber 4 to be optically coupled with 
the laser diode 1 . Accordingly, if the clamping portions 
28 of the fastening member 6 are formed to have an 

45 ami-shape as depicted in Figure 6(b), then the stress 
applied to the second joint positions 1 1 when the optical 
fiber 4 Is moved together with the sleeve 3 around the 
second joint positions 11 is dispersed as deformation 
stress on the ann of the clamping portion 28, thereby 

50 making it possible to reduce the effect of stress concen- 
trations. 

[0061 ] The present invention Includes an optical sys- 
tem that generally includes a lens portion and an optical 
fiber. In the first embodiment the lens portion 14 is a 
55 wedge-shaped anamorphic (rotationally asymmetric) 
lens integrated into the optical f iber4 and having a struc- 
ture depicted in Figures 7(a) and 7(b). In detail, ridge 
line 1 4a has a cylindrical surface. As depicted in Figures 
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2,3 and 7, a ridge line 1 4a at a tip end faces a laser beam 
emitting face 31 of the laser diode 1 such that the ridge 
line 14a is in the same plane as an active layer of the 
laser diode 1 . Although the optical fiber 4 preferably has 
an anamorphic, wedge-shaped lens portion 14 as de- 
picted in Figures 7(a) and 7(b), the optical fiber 4 can 
altematively be constructed as an anamorphic lens por- 
tion other than the wedge-shape portion, or as a fiber 
lens portion other than an anamorphic lens portion. 
[0062] The shape of the fiber lens is not limited to a 
wedge shape. An altemative embodiment of the lens 
portion 14 is a conical shaped, rotationaliy symmetric 
lens (similar in shape to an end of a sharpened pencil) 
that is integrated into the optical fiber 4, as depicted in 
Figures 1 7(a) and 1 7(b). More specifically, the tip of the 
cone of such a fiber lens has a spherical surface. The 
fiber lens depicted in Figures 17(a) and 17(b) is com- 
monly called "a tapered lens ended fiber" or "a semi- 
spherlcally lensed fiber." 

[0063] Altematively, the optical system can be con- 
structed to have a discrete lens supported by the holder 
mounting members, an optical isolator supported by the 
holder mounting member 5, a second lens supported by 
the paclcage 27, and an optical fiber supported by the 
package 27. In this configuration, the lens portion 14 is 
constructed as a discrete lens portion from the optical 
fiber 4 such that the discrete lens portion, the optical 
isolator, and the second lens are provided between the 
laser diode 1 and the tip end of the optical fiber 4. In 
such a configuration, the optical isolator is preferably 
mounted using a material having minimal magnetic 
properties, such as SUS 430, in order to reduce Inter- 
ference with the optical isolator. 
[0064] As depicted in Figure 8(a), the laser diode 1 is 
preferably fixed on the heat sink 22 by, for example, 
AuSn of AuSi solder, and the heat sink 22 is fixed on the 
laser diode mounting member 8 by, for example, AuSn 
or AuSi solder. The heat sink 22 Is preferably fomned of 
material of high thennai conductivity such as AIN or dia- 
mond. As depicted in Figure 8(b), the monitor photo di- 
ode canier 39 is fixed on the laser diode mounting mem- 
ber 8 of the base 2 by soldering material 43. The monitor 
photo diode carrier 39 Is preferably fomned mainly of alu- 
mina. An Au plating pattern 50 is formed on the surface 
of the monitor photo diode carrier 39. The photo diode 
9 is fixed on the plating pattern 50 by soldering material 
44, such as AuSn. 

[0065] Figures 9 and 10 depict the internal compo- 
nents of a second embodiment of the semiconductor la- 
ser diode module according to the present Invention, 
where the thernio module 25 and the package 27 have 
been omitted. Figure 11 Is an exploded, perspective 
view of a base 2 of the second embodiment of the sem- 
iconductor laser diode module according to the present 
Invention. 

[0066] The second embodiment enjoys substantially 
the same advantages as those of the above-described 
first embodiment. The feature of the second embodi- 



ment that is different from ttie first embodiment is the 
unique shapes of the holder mounting member 5 and 
tiie laser diode mounting member 8 which constitute the 
base 2. More specif cally, in the second embodimentthe 

5 structural support members 15 are fomned on both the 
holder mounting member 5 and the laser diode mount- 
ing member 8. The structural support members 15 are 
provided on both sides of the axial portion 33 connecting 
the laser beam emitting facet 31 of the laser diode 1 and 

10 the laser beam receiving end 32 of the optical fiber 4 
and on both sides of tine fastening member 6 located 
closer to the laser diode 1 . The structural support mem- 
bers 15 are preferably fomned integrally with the holder 
mounting member 5 and Integrally with the laser diode 

IS nnounting member 8. 

[0067] The present invention Is not limited to the 
above-described embodiments but may take various 
forms. The following discussion describes various ex- 
emplary altemative configurations of the present inven- 

20 tion. 

[0068] The laser diode module according to the 
present invention preferably includes a thermo module 
25 in order to control the temperature of the laser diode 
1 , as described above. However, the laser diode module 
25 of the present Invention can be constructed without a 
themno module, such that the base 2 is supported by or 
integrated into the bottom plate 26. Such a configuration 
Is required, for example, in undersea application due to 
the suppression of electric power consumption. 
30 p)069] The first and second embodiments depict 
structural support members 15 that are fomned as wall 
portions extending in the longitudinal direction, of the 
optical fiber and provided upright on an upper side of 
the t)Older mounting members or the laser diode mount- 
as ing member 8. However, the configuration of the struc- 
tural support members 15 Is not limited to the specific 
shape depicted in the figures, but rather can be config- 
ured In alternative shapes, for Instance, rod-shaped, or 
angular shaped one, which are attached to the base 2 
40 by, for example, adheslves or solder, 

[0070] Furthemnore, in each of the foregoing embod- 
iments, the holder mounting member 5 of the base 2 is 
preferably provided to project in the longitudinal direc- 
tion of the optical fiber 4 from the end portion on the 
45 optical fiber mounting side of the laser diode mounting 
member 8. However, it is not necessary to provide the 
holder mounting member 5 of the base 2 so as to project 
from the laser diode mounting member 8 as described 
above, Other configurations can be used as will be read- 
so iiy apparent to one of skill In the art based upon the 
teaching set forth herein. 

[0071 1 In each of the foregoing embodiments, the la- 
ser diode mounting member 8 preferably has a rein- 
forcement portion 20 formed under the member 6 locat- 
55 ed on the closest side to the laser diode 1 . Altematively, 
it is possible to disp nse with the reinforc ment portion 
20. However, since the reinforcement portion 20 Is pro- 
vided to suppress the vibration of the holder mounting 
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member 5 in the Y-dlrectlon of the drawings, It Is prefer- 
able to provide the reinforcement portion 20. Further- 
more, the configuration of the reinforcement portion 20 
is not limited to any particular shape, but rather may be 
selected as desired. For instance, the reinforcement 
portion 20 may take a structure having a tapered sur- 
face, as indicated by phantom lines A in Figure 2, 
[0072] Although the laser diode mounting member 8 
and the bottom plate 26 of the package 27 of the pre- 
ferred embodiments are made of the same material to 
have the same thennal expansion coefficient, it Is pos- 
sible to use different materials for the laser diode mount- 
ing member 8 and the bottom plate 26. However, In this 
configuration It is preferable If thethemnal expansion co- 
efficients of the different materials are substantially the 
same. 

[0073] The present invention provides a structure that 
advantageously reduces any degradation In the optbal 
characteristics, I.e. the optical coupling efficiency of the 
laser diode module, due to the changes in the ambient 
temperature of the module. As described eariler with re- 
spect to Figures 7{a) and 7(b), the optical fiber 4 of the 
first embodiment has the wedge-shaped lens portion 1 4 
with the ridge line 14a at a tip end in parallel with the X- 
Z plane. The optical coupling between the lens portion 
14 of the optical fiber 4 and the laser diode 1 Is suscep- 
tible to adverse effects of positional displacement, in 
partfcular, in the Y-direction If bending of the module oc- 
curs, as seen with respect to the related embodiment 
depicted in Figures 12(a), 12(b), 13(a), 13(b), 14(a), and 
14(b). 

[0074] When the base 2 is warped along the longitu- 
dinal direction of the optbal fiber 4, the degradation in 
optical coupling effk^iency between the laser diode 1 and 
the optical fiber4 is likely to significantly occur. However, 
In accordance with the first embodiment of the present 
Invention, the warping of the base 2 along the longitudi- 
nal direction of the optical fiber 4 is suppressed by the 
structural support members 15, thereby the stability of 
the opt»al coupling efficiency between the laser diode 
1 and the optical fiber 4. 

[0075] In the first and second embodiments, since the 
light emitted from the laser diode 1 Is Introduced from 
the tip end side of the optk^al fiber 4 into the optical fiber 
4, it is important to suppress the positional displacement 
between the laser diode 1 and a laser beam receiving 
end 32 of the optical fiber 4. It Is therefore important to 
suppress the warping of the base 2 at the axial portion 
33. Additionally, a displacement in the fastened position 
of tiie sleeve 3 by the fastening member 6 will cause a 
greater degradation in coupling efficiency as compared 
to that by the fastening member 7, which is located fur- 
ther from the laser diode 1 than the fastening member 
6. Therefore, it is important to suppress the warping of 
the base 2 in the region where the fastening member 6 
Is arranged. The present inventton achieves such an ad- 
vantageous structure. 

[0076] Figure 15 is achart representing monitor track- 



ing eror based upon ambient temperature changes In 
the semiconductor laser diode module of the related art 
and of the present invention. The monitor tracking error 
Is defined as Aim = (lm(T)-lm(25*C))/ lm(25**C). In the 

5 laser diode module according to the present Invention, 
since the warping of the base is suppressed, the sinu- 
soidal change in the back-facet monitor current due to 
the change In ambient temperature is suppressed. As 
depicted in Figure 1 5, the tracking en^or (Aim) of the la- 

10 ser diode module of the present invention appears to 
change with a longer period than the related art laser 
diode module, which demonstrates that the various 
warping prevention means of the present invention func- 
tion to prevent the displacement of the fiber-end with 

15 respect to the laser diode. 

[0077] It should be noted that the exemplary embod- 
iments depicted and described herein set forth the pre- 
fered embodiments of the present invention, and are 
not meant to limit the scope of the claims hereto in any 

20 way. 

[0078] According to a fi rst aspect of the present Inven- 
tion, since the base Is fonned by the laser diode mount- 
ing member contacted and disposed on the themno 
module and by the holder mounting member on the up- 
25 per side thereof, with the laser diode mounting member 
being fonned of material having athemnal expansion co- 
efficient In a range between a thennal expansion coef- 
ficient of the holder mounting member and a thennal ex- 
pansion coeff teient of the base side plate member of the 
30 themno module, the present Invention advantageously 
suppresses the warping of the base caused by the tem- 
perature change In the environmental circumstances of 
the semiconductor laser diode module In comparison 
with the related art module. Accordingly, the present In- 
35 vention advantageously suppresses the degradation in 
optical coupling efficiency between the laser diode and 
the optical fiber due to the temperature change of the 
environmental circumstances of the semk:onductor la- 
ser diode module. 
40 [0079] According to a second aspect of the invention, 
since the base is fomned by tiie laser diode mounting 
member contacted and disposed on the themno module 
and by the holder mounting member, with the thermal 
expansion coefficients of the laser diode mounting 
45 member and the bottom plate of the package being sub- 
stantially equal to each other, the same magnitude of 
stress Is applied on both upper and tower sides of the 
themno module when the temperature change of the 
semiconductor laser diode module is generated. There- 
to tore, the present inventton advantageously offsets the 
warping of the thermo module and suppresses the deg- 
radation in optteal coupling effteiency between the laser 
diode and the optk:al fiber due to the ambient tempera- 
ture change. 

55 [0080] According to a third aspect of the invention, 
since a first joint position obtained by laser-welding to- 
gether the holder mounting member and the fastening 
members of the sleeve for holding the optical fiber and 



9 



17 



EP1 160 600 A1 



18 



asecond joint position obtained by laser-wol ding togeth- 
er the fastening members and the sleeve are fonned to 
be at substantially the same height level in a direction 
perpendicular to a bottom plate of the package, even if 
warping is generated in tile base to some extent, there 
Is no significant positional displacement of the sleeve 
corresponding to the warping. Accordingly, the present 
Invention advantageously suppresses the degradation 
in optical coupling efficiency between the laser diode 
and the optical fiber. 

[0081] According to a fourth aspect of the invention, 
since a struc^ral support member for preventing the 
warping of the base is provided on the base in a longi- 
tudinal direction of the optical fiber on at least one side 
of the optical fiber, the warping of the base is suppressed 
by the structural support members. Accordingly, the 
present Invention advantageously suppresses the deg- 
radation in optical coupling efficiency between the laser 
diode and the optical fiber. 

[0082] According to a fifth aspect of the invention, 
since a structural support member is provided on at least 
one side of an axial portion connecting a laser beam 
emitting facet of the laser diode and a laser beam re- 
ceiving end of the optical fiber, warping at the axial por- 
tion is suppressed and the degradation In optical cou- 
pling efficiency between the laser diode and the optical 
fiber is efficiently suppressed. Accordingly, the present 
Invention advantageously suppresses the degradation 
In optical coupling efficiency between the laser diode 
and the optical fiber. 

[0083] According to a sixth aspect of the invention, 
since a structural support member is provided on at least 
one side of the fastening member located on the closest 
side to the laser diode (i.e., in a region along the longi- 
tudinal direction of the optical fiber of the holder mount- 
ing member including at least one side), warping of the 
base in the region of the fastening member that is most 
likely to affect the degradation in optical coupling effi- 
ciency between the laser diode and the optk:al fiber is 
suppressed. 

[0084] According to a seventh aspect of the invention, 
since a structural support member is formed Integrally 
with the holder mounting member, it is possible to avoid 
a reduction In mechanical strength due to the connec- 
tion between astructural support member and a discrete 
holder mounting member. Thus, it is possible to effec- 
tively prevent the warping of the base by the structural 
support members, and to effectively suppress the deg- 
radation in optical coupling efficiency between the laser 
diode and the optical fiber. 

[0085] According to an eighth aspect of the invention, 
since the structural support member Is preferably 
fonned with a wall portion extending in a longitudinal di- 
rection of the optical fiber, and provided upright at least 
on an upper side of the holder mounting member, It is 
possible to provide means for effectively suppressing 
the warping of the base with a simple structure. Accord- 
ingly, the present invention advantageously suppresses 



the degradation in optbal coupling efficiency between 
the laser diode and the optical fiber. 
[0086] According to ninth aspect of the Invention, 
since the fastening member for supporting and fasten- 

5 ing the optical fiber in the closest side to the laser diode 
is formed of an integral part provided with a damping 
portion for clamping both sides of the optbal fiber, it is 
possible to suppress the warping of the base in the hor- 
izontal direction intersecting with the longitudinal dlrec- 

10 tion of the optical fiber in comparison with a case where 
separate fastening members support each side of the 
optical fiber. Accordingly, the present invention advan- 
tageously suppresses the degradation In optk:al cou- 
pling efftelency between the laser diode and the optical 

15 fiber. 

[0087] According to a tenth aspect of the invention, 
since the base is provided to project in the longitudinal 
direction of the optical fiber from end portion of the ther- 
mo module on the optical fiber mounting side, It is pos- 

20 sible to suppress the phenomenon that the portion that 
is out of contact with the thenno module (i.e., the pro- 
jection portion of the base) is subjected to the adverse 
effect of the warping of the thenno module. Thus, a fas- 
tening member of the optical fiber is mounted in this re- 

25 gion to thereby make it possible to effectively suppress 
the degradation in optical coupling efficiency between 
the laser diode and the optical fiber. 
[0088] According to an eleventh aspect of the inven- 
tion, since the holder mounting member of the base is 

30 provided to project in the longitudinal direction of the op- 
tical fiber from the end portion of the laser diode mount- 
ing member on the optical fiber mounting side, it is pos- 
sible to suppress the phenomenon that this portion is 
subjected to the adverse effect of the warping of the la- 

35 ser diode mounting member. Thus, a fastening member 
of the optical fiber is mounted in this projected region to 
th ereby make it possible to effectively suppress the deg- 
radation in optfcal coupling efficiency between the laser 
diode and the optical fiber. 

40 [0089] According to a twelfth aspect of the invention, 
since the laser diode mounting member of the base has 
a reinforcement portion formed under the fastening 
member located in the closest posrtion to the laser di- 
ode, even if the vibration in the direction perpendicular 

45 to the package bottom plate Is applied to the holder 
mounting member, any pivoting caused by the vibration 
will be farther from the laser diode than the fastening 
member Additionally, the lower surface of the reinforce- 
ment portion is out of contact with the thenno module 

50 whereby it is possible to suppress the adverse effect of 
the warping of the thermo module against the reinforce- 
ment portion. 

[0090] According to a thirteenth aspect of the inven- 
tion, since the holder mounting member, the fastening 
55 members and the structural support members are pref- 
erably made of Kovai® or a similar material , it Is possible 
to manufacture a semkx>nductor laser diode module 
with high workability/Weldability. Additionally, Kovai® 
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advantageously has substantially the sanie thermal ex- 
pansion coefficient as that of the optical fiber, and thus 
adverse effects on the optical fiber due to the difference 
in thermal expansion coefficient between the optical fib- 
er, and the holder mounting member and the structural 
support member are suppressed. 
[0091] Numerous modifications and variations of the 
present invention are possible in light of the above 
teachings. It Is therefore to be understood that, within 
the scope of the appended claims, the invention may be 
practiced othenvise than as specifically described here- 
in. 



Claims 

1 . A laser diode module comprising: 

a laser diode; 

an optical system including an optical fiber and 
a lens portion, said optical system being con- 
figured to receive and transmit a beam emitted 
from said laser diode through said lens portion 
to said optical fiber; 

a base configured to support said laser diode 
and at least a portion of said optical system; 
and 

a bottom plate configured to support said laser 
diode, said optical system, and said base, 
wherein a portion of said base is made of a ma- 
terial having a first thennal expansion coeffi- 
cient and said bottom plate is constructed of a 
material having a second thennal expansion 
coefficient, and 

wherein said first themnal expansion coefficient 
is substantially equal to said second themnal 
expansion coefficient. 

2. The laser diode module according to Claim 1, 
wherein said portion of said base and said bottom 
plate are made of a same material. 

3. The laser diode module according to Claim 1, 
wherein said portion of said base is coupled to said 
bottom plate via a temperature control device. 

4. The laser diode module according to Claim 3, 
wherein said temperature control device Is a thenno 
module, said themno module comprising a first plate 
member attached to said portion of said base, a pel- 
tier element attached to said first plate member, and 
a second plate member attached to said peltier el- 
ement and said bottom plate. 

5. The laser diode module according to Claim 4, 
wherein said first plate member is made of a mate- 
rial having a first thermal expansion coefficient and 
said second plate member is constructed of a ma- 



terial having a second thermal expansion coeffi- 
cient, and wherein said first thermal expansion co- 
efficient Is substantially equal to said second ther- 
mal expansion coefficient. 

5 

6. The laser diode module according to Claim 4, 
wherein said first plate member and said second 
plate member are made of a same material. 

10 7. The laser diode module according to Claim 1, 
wherein said base comprises an optical system 
mounting member configured to support said opti- 
cal fiber, and wherein said portion of said base is a 
laser diode mounting member configured to supjsort 

15 said laser diode, said optical system mounting 
member being attached to said laser diode mount- 
ing member. 

8. The laser diode module according to Claim 7, 
20 wherein said optical system mounting member is 

formed of an Fe-Ni-Co alloy. 

9. The laser diode module according to Claim 1, 
wherein said lens portion has a fiber lens formed on 

25 said optical fiber, and wherein a tip end side of said 
fiber lens and a light emitting facet of said laser di- 
ode are arranged up oppose each other. 

10. The laser diode module according to Claim 9, 
30 wherein said fiber lens is an anamorphic lens. 

11. The laser diode module according to Claim 1, 
wherein said bottom plate is a part of a package 
configured to accommodate said laser diode. 

35 

12. A semiconductor laser diode module comprising: 

a laser diode; 

an optical system including an optical fiber and 
40 a lens portion, said optical system being con- 

figured to receive and transmit a beam emitted 
from said laser diode through said lens portion 
to said optical fiber; 

a fastening means for supporting at least a por- 

45 tlon of said optical system; 

a base configured to support said fastening 
means and said laser diode, said base includes 
a laser diode mounting member and a fastening 
means mounting member, said laser diode 

50 mounting member having a laser diode mount- 

ing region configured to mount said laser diode, 
said fastening means mounting member being 
mounted to said laser diode mounting member 
at a position other than said laser diode mount- 

55 ing region; and 

a bottom plat configured to support said las r 
diode, said optical system, said fastening 
means, and said base, 
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wherein said bottom plate is made of material 
having a linear expansion coefficient that sub- 
stantially equal to a linear expansion coefficient 
of said laser diode mounting member 

5 

13. The semiconductor laser diode module according 
to Claim 1 2, further comprising a themio module In- 
cluding a first plate member attached to said laser 
diode mounting member, a pettier element attached 

to said first plate member, and a second plate mem- io 
ber attached to said pettier element and said bottom 
plate; and 

a package for accommodating therein said la- 
ser diode, said optical system, said fastening 
means, said base and said thermo module. 

14. The semicondnctor laser diode module according 
to Claim 12, wherein said base projects in a direc- 
tion parallel to an optical axis of said optical system 
from an end portion on an optical fiber mounting 20 
side of said thenno module. 

15. The semiconductor laser diode module according 
to Claim 14, wherein said fastening means mount- 
ing member projects in a direction parallel to said 25 
optical axis from an end portion on an optical fiber 
mounting side of said laser diode mounting mem- 
ber. 

16. The semiconductor laser diode module according 30 
to Claim 15, wherein said laser diode mounting 
member has a reinforcement portion configured to 
mechanically reinforce said fastening means 
mounting member located in a closest position to 
said laser diode, and wherein said reinforcement 3s 
portion has a lower surface that is out of contact with 
said thermo module. 

17. The semiconductor laser diode module according 

to Claim 12, wherein said lens portion has a fiber 40 
lens f omned on said optical fiber, and wherein a tip 
end side of said fiber leas and a light emitting facet 
of said laser diode are an'anged to oppose each oth- 
er 

45 

18. The semiconductor laser diode module according 
to Claim 17, wherein said fiber lens is an anamor- 
phic lens. 

19. The semiconductor laser diode module according so 
to Claim 12, wherein said fastening means is 
formed of an Fe-Ni-Co alloy. 

20. The semiconductor laser diode module according 

to Claim 1 2, wherein said fastening means mount- ss 
ing member is formed of an Fe-Ni-Co alloy. 
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